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Autophagy is an intracellular bulk degradation/recycling system that turns over cellular constituents.
This system has also been shown to play a crucial role in host defense, termed antimicrobial autophagy
(xenophagy), in which it functions to degrade intracellular foreign microbial invaders. Xenophagosomes
undergo a stepwise maturation process that consists of fusion with lysosomes, after which the cargo
undergoes degradation. We have previously shown that intracellular group A Streptococcus (GAS) is
captured by xenophagosomes termed GAS-containing autophagosome-like vacuoles (GcAVs), where
GAS organisms are degraded following fusion with lysosomes. Our recent investigations have shown
that endocytic soluble N-ethylmaleimide-sensitive factor attachment protein receptors (SNAREs) are
involved in the fusion of xenophagosomes and lysosomes. Confocal microscopic analysis has shown that
SNAREs, including VAMP8 and Vti1b, colocalize with GFP-LC3 in GcAVs. Our ﬁndings also suggested that
Vti1b is derived from autophagic compartments, whereas VAMP8 originates from lysosomes. Knock-
down of the combinational SNARE proteins VAMP8 and Vti1b with siRNAs disturbed the autophagic
fusion of xenophagosomes with lysosomes, and cellular bactericidal efﬁciency signiﬁcantly diminished.
Furthermore, knockdown of these SNAREs inhibited the fusion of canonical autophagosomes with
lysosomes. These ﬁndings strongly suggest that a combinatorial SNARE complex with VAMP8 and Vti1b
mediates the fusion of antimicrobial and canonical autophagosomes with lysosomes, an essential event
for autophagic degradation.
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A large number of pathogenic bacteria are capable of invading
non-phagocytic cells to colonize them intracellularly, after which
they disseminate into other cells [1]. Autophagy is emerging as a
central component of various immunological functions, such as
innate and adaptive immune activation, as well as in the anti-
microbial defense system, which captures and digests intracellular
foreign microbial invaders [2–5]. This type of antimicrobial
autophagy was recently termed xenophagy. We have previouslyciation for Oral Biology. Published
: þ81 6 6879 2110.
uta).shown that Group A Streptococcus (GAS) organisms, which produce a
wide range of toxins, invade human epithelial cells via endocytosis
and then escape from endosomes into the cytoplasm, after which
they are entrapped within the xenophagosomes and degraded upon
the fusion of these organelles with lysosomes [6]. Canonical autop-
hagosomes undergo a stepwise maturation process that terminates
in fusion with lysosomes, which allows autophagic vacuoles to
acquire lysosomal proteases for degradation of the cargo [7]. Simi-
larly, xenophagosomes that capture GAS do not initially include
lysosomal-associated membrane protein (LAMP)-1, although they
are subsequently associated with LAMP-1. Finally, GAS is degraded
by the lysosomal enzymes in the xenophagosomes [6]. Although
xenophagosomes have been shown to be morphologically formed
by the fusion of multiple small precursor structures [8], the exactby Elsevier B.V. All rights reserved.
Fig. 1. Knockdown of VAMP8 and Vti1b disturbed the antimicrobial effects of xenophagosomes. (A) HeLa cells expressing GFP-LC3 were transfected with siRNA for the
control, VAMP8, and Vti1b. Following infection with GAS, the cells were ﬁxed and incubated with anti-LAMP1 antibodies and observed under a confocal microscope.
Cellular and bacterial DNA was stained with DAPI. Bars indicate 5 mm. (B) The viability of invaded GAS in HeLa cells was evaluated (*po0.05).
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far from clear and is a major topic of investigation. Soluble N-
ethylmaleimide-sensitive factor attachment protein receptors
(SNAREs) play major roles in the ﬁnal stages of docking and in the
subsequent fusion of diverse vesicle-mediated transport events
[9–22]. Therefore, we studied the possibility that SNAREs may be
involved in xenophagosome–lysosome fusion [23].Fig. 2. SNARE proteins VAMP8 and Vti1b mediate the fusion of xenophagosomes/
canonical autophagosomes with lysosomes. Intracellular GAS organisms are
entrapped within xenophagosomes, and then xenophagosomes undergo a step-
wise maturation process that consists of fusion with lysosomes, which allows the
autophagic vacuole to acquire lysosomal proteases. This fusion is mediated by a
complex of VAMP8 and Vti1b from xenophagosomes. Finally, the GAS organisms
are degraded by xenophagosomes (autolysosomes) possessing lysosomal degrada-
tion enzymes. The complex of VAMP8 and Vti1b also mediates the fusion between
canonical autophagosomes and lysosomes. Vti1b originates from autophagic
vacuoles, whereas VAmP8 is recruited from lysosomes to autophagic compart-
ments prior to fusion.2. Vti1b and vesicle-associated membrane protein 8 mediate
xenophagosome–lysosome fusion
First, we examined whether xenophagosomes are localized
with various SNARE proteins, including endosome SNAREs (vesi-
cle-associated membrane protein 8 [VAMP8] and Vti1b), endo-
plasmic reticulum-residing SNAREs, and trans-Golgi network-
residing SNAREs in GAS-infected human epithelial cells [15].
The GFP puncta of xenophagosomes were found to colocalize
with those of VAMP8 and Vti1b, whereas the knockdown of
VAMP8 and Vti1b with siRNA signiﬁcantly inhibited the coloca-
lization of GFP-LC3 with LAMP-1 (Fig. 1A). Xenophagosome
formation was not affected by the knockdown of VAMP8 and
Vti1b, and the invasive efﬁciency of GAS to cells was not altered.
However, bactericidal efﬁciency was signiﬁcantly diminished in
VAMP8- and Vti1b-depleted cells, although knockdown of syn-
taxin 7, syntaxin 8, and VAMP7, which are thought to function in
endosomes, showed no effect on the fusion with lysosomes
(Fig. 1B). Interestingly, although VAMP8 puncta were negligibly
merged with GFP-LC3 and LAMP-1, they gradually colocalized
with these proteins, indicating that VAMP8 originates from
lysosomes. In contrast, Vti1b is present in xenophagosomes from
an early stage, showing that Vti1b is derived from xenophago-
somes prior to fusion with lysosomes. These results indicate that
VAMP8 and Vti1b are involved in the fusion between xenophago-
somes and lysosomes [23].3. Vti1b and VAMP8 also mediate canonical autophagosome–
lysosome fusion
We also analyzed the effects of SNARE knockdown on canoni-
cal autophagy. The microtubule-associated protein 1 light chain 3
(LC3) is an autophagosome-speciﬁc membrane marker in mam-
malian cells [24]. LC3 exists in 2 forms: LC3-I, which resides in the
cytosol, and LC3-II, which is associated with autophagosomes.
Normally, LC3-II structures disappear for a few hours following
conversion from LC3-I to LC3-II, due to degradation of LC3-II in
autolysosomes as well as detachment from autolysosomes [25].However, GFP-LC3 puncta were observed to be unchanged in
VAMP8- and Vti1b-depleted cells after 4 h of starvation, indicat-
ing that autophagic degradation was inhibited due to fusion
failure.
A recent study showed that GFP loses its ﬂuorescence in acidic
conditions and is subsequently degraded by autolysosomes,
whereas monomeric red-ﬂuorescence protein (mRFP) remained
stable under degradation conditions. Therefore, mRFP-LC3 as well
as mRFPGFP in tandem with ﬂuorescent-tagged LC3 (tfLC3) were
used to further analyze the distributions of LC3 proteins [26].
mRFP puncta are inconsistently merged with those of GFP in the
control cells after starvation, indicating that GFP signals are
attenuated in the autolysosomes, whereas mRFP persisted. In
contrast, those puncta were clearly colocalized in VAMP8- and
Vti1b-depleted cells, indicating a negligible attenuation of GFP
expression, and inhibition of fusion between autophagosomes
and lysosomes in those cells. Furthermore, we showed that Vti1b
is derived from autophagosomes, whereas VAMP8 originates from
lysosomes in canonical autophagy. Thus, VAMP8 and Vti1b are
also involved in canonical autophagosome–lysosome fusion [23].4. Origin of VAMP8 and Vti1b for fusion
It is notable that a combination of endocytic SNAREs, which are
involved in homotypic fusion of late endosomes, also functions in
autophagy. Furthermore, it is interesting that Vti1b is recruited to
N. Furuta, A. Amano / Journal of Oral Biosciences 54 (2012) 83–85 85autophagosomes prior to lysomal fusion. Although VAMP8 puncta
are negligibly merged with xenophagosomes before fusion, they
gradually become colocalized with xenophagosomes. VAMP8
originates from lysosomes and is recruited to autophagic compart-
ments prior to lyosomal fusion [23].5. Conclusions
We have shown that a combination of VAMP8 and Vti1b
mediates autophagic fusion with lysosomes in mammals [23]. In
addition, xenophagosomes and autophagosomes are also shown
to share the same SNARE machinery to fuse with lysosomes, even
though antimicrobial autophagy against GAS differs from canoni-
cal autophagy in several other aspects such as size, morphology,
and conditions required for initiation (Fig. 2). Our future studies
shall present additional new aspects that will unravel autophagic
functional events.Conﬂict of interest
No potential conﬂicts of interest are disclosed.
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